In this paper, we examine the impact of the UEFA EURO 2012™ on the Polish economy. The simulations are based on a dynamic computable general equilibrium (CGE) model and cover the years 2008-2020. We find that the main source of economic benefits is the acceleration of investments in transport infrastructure, which fosters growth of total factor productivity and the inflow of foreign direct investment. This contrasts with the results for more developed countries hosting major sporting events, where infrastructure effects are reported to be of less importance. Overall cumulative real GDP gains amount to 2.1% of the 2009 GDP level under the basic scenario.
Introduction

The problem
Poland and Ukraine will jointly organise the European Championships in football (soccer) to be held in 2012. The decision to grant the two countries the right to host one of the biggest sporting events in the world was announced by the Union of European Football Associations (UEFA) in April 2007. The decision aroused great expectations in Poland 1 , as it is widely believed that major sporting events may bring many benefits to host countries. One believed benefit is a lasting increase in inbound tourism revenues, both during the event and afterwards, as a consequence of an improved image of the country that helps to attract more foreign tourists. Another example of the benefits in question is the development of sport, hotel, leisure and cultural infrastructure which in the long run may facilitate organisation of other big international events. In the case of catching up economies like Poland, however, the greatest gains are believed to result from the rise of country's economic potential due to the extension and upgrading of the existing transport infrastructure (roads, railways, airports, and urban transport), whose density and quality are, as a rule, well below the standards prevailing in developed countries. The enhanced economic potential contributes in turn to accelerating economic development of the host country.
The foregoing expected results of big sporting events indicate that the organisation of the European Football Championships (EFC) (referred to as EURO 2012) may be interpreted as a positive external shock that is likely to exert a sizeable impact on the Polish economy. The latter is envisioned to occur both in the short run, i.e., during the preparatory stage of the tournament and its course, and in the long run, extending for many years following the event. The aim of this paper is to assess the economic effects of the EURO 2012 in the years 2008-2020, based on simulations conducted by means of a computable general equilibrium (CGE) model of the Polish economy.
Literature review
Possible research approaches
The economic effects stemming from the organisation of international sporting events are a subject of numerous empirical studies. They may be divided into two broad groups. The first and less numerous group is based on investment project appraisal approach -the studies involved aim at estimating the direct costs and revenues of organising an event, expressed in terms of the net present value of the project (Shaffer et al., 2003) . However, this kind of approach faces many limitations, such as the difficulty of estimating all relevant costs and benefits related to the organisation of the event as well as determining its opportunity cost. The latter limitation boils down to the need to indicate the investment project being a viable option to international sporting events and to find the appropriate rate of return on this investment (Kasimati, 2003) to be used for discounting the future cash flows. This difficulty is of particular significance in the case of organising the EURO 2012, which can be perceived primarily as a factor being used to implement badly needed infrastructure investments.
The second group of empirical studies focuses on assessing the impact of international sporting events on the economy, expressed in terms of the response of basic macroeconomic variables (GDP and its main components, employment, personal incomes, prices) to this kind of external shock. The studies involved usually compare the macroeconomic effects of an event to a hypothetical scenario of not organising this particular event. The key underlying justification for such an approach is that the organisation of major sporting events leads to higher revenues from inbound tourism and puts strong pressure on the implementation of investment projects that -under 'no-event' scenario -probably would not have been undertaken at all. Yet, still another approach to this problem is feasible, assuming that such investments would be undertaken anyway, even with no stimulus coming from the sporting event -but later. Seen from this perspective, the investment outlays related to the organisation of an international sporting event can be analysed in terms of optimal timing of investment (Brealey and Myers, 2000) . This paper fits into this category of empirical research.
Impact areas
One of the most frequently discussed effects of the organisation of international sporting events is a short-term rise in demand triggered by the inflow of tourists, athletes and guests participating in the event Ribeiro et al., 2004) . The increase in inbound tourism revenues recorded during the sports events usually does not have sizeable influence on aggregate demand (Martins et al., 2004; Helmenstein and Kleissner, 2008; Rütter et al., 2004) .
The second and potentially more powerful outcome, called the 'legacy effect', is associated with an improvement in tourist attractiveness of the country, which in turn contributes to a lasting increase in the inflow of tourists and their expenditures in the longer run (Brunet, 2005; Rütter et al., 2004; Madden, 2002; Ahlert, 2005; Bohlmann and van Heerden, 2008; Martins et al., 2004; Helmenstein and Kleissner, 2008) .
Still another economic effect of the organisation of major sporting events is a derivative of increased investment outlays on sports and tourism as well as on transport infrastructure (PricewaterhouseCoopers, 2004) . These investments tend to positively stimulate demand in the short-term perspective (Martins et al., 2004; Ahlert, 2005) while in the long run they may also induce positive supply response (legacy effects), due to rising specialisation in production and stronger competition (Bougheas et al., 1999; Button, 1996; Chatterjee et al., 2003; Borensztein et al., 1998; Bohlmann and van Heerden, 2008) . It should be mentioned, however, that the supply effects are attributed mainly to the transport infrastructure, whereas in the case of sport infrastructure they are sometimes questioned in ex-post analyses (Matheson and Baade, 2004; Kim et al., 2006) .
The upgrading of transport infrastructure reduces the barriers to foreign trade, fosters growth of total factor productivity (TFP) and makes the return on capital go up, which creates incentives that increase inflow of foreign direct investments (FDI). The latter may in turn boost the growth of exports and employment, dissemination of modern management techniques, and transfer of new technologies and knowledge, thus improving competitiveness of the national economy (Choe, 2003; Démurger, 2001; Markusen and Venables, 1997; Bellak et al., 2009; Brunet, 2005) .
Research methods
Empirical assessments of macroeconomic effects stemming from the organisation of mega sporting events tend to be conducted mainly by means of multi-sectoral models, usually of the input-output or CGE type (Kasimati and Dawson, 2009 ).
2 This is mainly due to the multi-sectoral approach (disaggregation) offered by the two types of modelling. The disaggregation of the economy makes such models compatible with the typical level of detail embedded in the assumptions (scenarios) that describe the economic aspects of organising the event. Another important advantage of disaggregation consists in broader possibilities of confronting the relevant scenarios with various expert opinions (e.g., evaluation of the anticipated investment profitability).
The input-output approach -albeit allowing for the complexity of inter-sectoral economic interrelationships -is nevertheless burdened with a number of limitations. They result from the implicit presumption that the supply (and employment) of each sector may grow indefinitely -in line with the rising demand -at constant prices. Such a method does not take into account the constraints inherent to economic resources such as capital equipment. Most importantly perhaps within the context of the present study, the input-output approach does not support the analysis of effects stemming from the expansion of economic potential, as it is focused on describing the transmission of demand shocks between particular sectors of the economy.
Multi-sectoral economic models, integrating the input-output approach with econometric methods (Almon, 1991) , constitute a major alternative to the CGE models. An example of using such a tool for assessing the impact of a large sporting event is the study of economic effects of the 2006 Football World Cup in Germany (Ahlert, 2005) . The main difficulty inherent to that approach boils down to the requirement of relying on a very comprehensive and coherent database comprised of time series of industry variables. At the same time, the use of time series data makes it possible to validate the model in an ex-post simulation. However, the possibility of making use of the rational expectations concept, embedded in the CGE framework, is an advantage from the perspective of a study of easily predictable future economic shocks (such as those related to the planning of EURO 2012). It enables examining the results of inter-temporal optimisation of investment decisions. The CGE model's logic is also perhaps more perceptible in that it may be quite easily expressed by means of basic terms and assumptions used in microeconomics, whereas the integrated models of the type referred to above are built on more eclectic foundations. Bearing in mind all the above factors, we have decided to use the CGE model as the main research tool in this publication.
The remainder of the text is organised as follows. In Section 2 we outline the main impact channels of the organisation of the EURO 2012 on the Polish economy and emphasise the differences between Poland and the other organisers of big sporting events. Section 3 explains the structure of the model whereas Section 4 reports the assumptions of the simulation. In turn, Section 5 presents major findings of our study, i.e., the macroeconomic effects of the EURO 2012 between 2008 and 2020 while Section 6 provides main conclusions.
Direct and indirect macroeconomic effects of the EURO 201organisation
The macroeconomic effects of the EURO 2012 in Poland assessed in this paper include the following:
Direct effects, i.e., the increase in the investment outlays during the preparatory stage and in consumption during the event itself.
• Short-term rise in inbound tourism revenues stemming from the inflow of football fans and guests during the EURO 2012.
• Increase in investments in sports, tourist and transport infrastructure.
• Short-term hike in demand fuelled by additional expenditures financed from the operational budget of the UEFA. The latter usually covers the costs connected with the rental of stadiums, security, marketing and other organisational tasks.
Indirect effects, lasting after the event.
• the country's higher tourist attractiveness and the resultant long-term increase in the number of incoming tourists and their expenditures ('Barcelona effect') • increase in the country's economic productivity (potential output) resulting from a quantitative and qualitative improvement in the infrastructure (particularly in transport infrastructure) • expansion of private investment, resulting from higher productivity and higher expected return on capital • enhanced investment attractiveness of the country leading to an augmented FDI inflow and additional productivity growth.
The schematic picture of the above effects on the Polish economy due to the EURO 2012 is shown in Figure 1 . It can be inferred from the figure that some of the indirect effects appear even before the event itself (e.g., augmented productivity as a derivative of investments in infrastructure), although their impact is then weaker.
The distinguishing features of this study, compared to the majority of empirical research of this kind published so far, are as follows:
1 The assessment of macroeconomic effects triggered by the EURO 2012 is based on the assumption that its organisation will bring about acceleration (i.e., earlier completion) of necessary investments in sports and transport infrastructure which otherwise, in the absence of this external shock, would have been undertaken later.
2 The analysis encompasses not only the demand-side effects of investments in transport infrastructure but also their positive impact on the supply-side represented here by TFP. One can see major benefits related to the EURO 2012 in this effect.
3 The study takes into account positive implications of an upgraded transport infrastructure for the inflow of FDI to Poland. 4 The simulation of economic effects of the EURO 2012 is performed by means of a dynamic (inter-temporal) CGE model which allows the assessment of the impact of organising the tournament on selected macroeconomic variables (aggregates) in consecutive years. The tool we have developed with a view to estimate the economic impact of the EURO 2012 is a dynamic CGE model. Its structure is largely based on specifications presented by Dixon and Parmenter (1996) and Horridge (2003) . The model is dynamic, which means that:
• it features solutions for the consecutive calendar years (the simulations cover the 2008-2020 period) • it describes the capital accumulation process -separately for each industry
• investment in each industry is determined by the anticipated future capital income and investment costs; model-consistent (rational) expectations were employed, meaning that the expectations formed in a given period about future values of different variables are consistent with the actual model outcomes for the future periods.
The model singles out 41 industries (according to NACE 3 ) and the same number of commodity groups (according to CPA -classification of products by activity). It also features two additional, dummy industries (not included in the standard classifications) allowing to capture the activities related directly to the management of the EURO 2012 (UEFA operational budget), as well as the tournament-generated inbound tourism demand.
The production process in individual industries is described by nested production functions. Intermediate inputs, together with a primary factor bundle, are combined in fixed proportions, according to Leontief production function. The primary factor bundle is a constant elasticity of substitution (CES) combination of capital and labour, while intermediate inputs are CES composites of domestic and imported products. Industries are treated as multi-product ones -they can adjust the product-structure of their output according to constant elasticity of transformation (CET) production frontier. Each type of activity is characterised by a different production technology. Fixed capital is supposed to be industry-specific, while labour is homogenous and mobile between industries. The choice of capital and labour proportions, similar to sourcing of intermediate inputs, is based on cost minimisation principles. The same sourcing decisions (i.e., the choice between domestic and imported commodities) also relate to final demand, including consumption and investment.
On the demand side, household consumption is modelled using a perhaps adequate demand system [(PADS) -developed by Almon (1996) ] -demand system for a single representative household and 12 categories of consumption commodities (according to COICOP 4 ), with econometrically estimated parameters. Aggregate consumption is proportional to current income. Exports are assumed to be adjusting in response to the domestic capacity changes. Investment demand by industries, determined at a level maximising their net present value (in the finite and discrete time framework), is transformed into six expenditure types (corporate and general government investments; each of these categories split into: outlays for buildings and structures, machinery and equipment, and transportation equipment). Some investment types, including those related to EURO 2012, are exogenous. Other exogenous categories include government consumption and change in inventories. Income distribution is modelled in the national accounts framework, for six institutional sectors (Boratyński, 2009) .
The most important relationships included in the model are briefly characterised below. The presentation of equations is stylised at some points, in order to abstract from unnecessary details (including functional forms in most cases). Subscript t denotes time, while i and j denote industries or commodities (depending on the context). Character f is used as a generic function symbol, so it represents any particular function. The (+) and (-) signs denote a positive and a negative relationship, respectively.
As an essential CGE feature, the model reflects various substitution effects. The equations below represent capital and labour substitution:
where Y is primary factor bundle,
(L) -wage rate (uniform across industries). Equations (1) and (2) are derived from cost-minimising principle under CES technology. According to the following equation:
demand for primary factor composite is proportional to industry's output, X, and inversely proportional to total factor productivity, TFP. 
where A ij is the amount of product i required as intermediate input per unit of output of industry j. Equation (4) actually implies that changes in demand for a single industry's products also affect the activity in the cooperating industries. Intermediate inputs are composites of domestic and imported goods, proportions of which change due to changes in relative prices (the Armington specification was used):
Therefore, demand for domestically produced intermediate input (Z (D) ) is proportional to composite demand, it is also negatively related to the ratio of domestic and imported commodity prices (P (D) and P (M) , respectively). P (M) represents prices in the domestic currency, so it is a product of foreign-currency prices of imports, PF (M) , and the exchange rate,
The same domestic/imported substitution mechanism also concerns final demand sourcing decisions (we skip the corresponding equations here).
Price determination is based on a perfect-competitive model, i.e., zero pure profit condition is applied, and therefore price equals the sum of unit costs of production:
Prices are also an instrument that facilitates equilibrium in commodity markets. Equilibrium conditions simply state that demand for a given commodity equals supply. These conditions (actually formulated separately for domestic and imported commodities) imply that:
where M i denotes imports of commodity i, TAX i -sum of indirect taxes on commodity i, C i -household consumption of commodity i, and G, I, V, E -government consumption, investment, change in inventories and exports, respectively; P with corresponding superscripts denote purchasers' prices of commodities (these prices are derived in the model from basic prices of domestic production and imports, P (D) and P (M) , as their weighted averages, augmented by taxes and margins). For simplicity, we omit presentation of how margins are handled. We also abstract from a multi-commodity production structure, that is actually present in the model.
On the final demand side, household consumption of individual commodities is modelled as:
where C k represents household demand for k th consumption commodity (out of N commodities, by COICOP), C -aggregate consumption, P (C) -prices of consumption commodities, CPI -aggregate consumer price index. In this case the necessary parameters were estimated using time-series data. Consumption by COICOP is transformed into consumption by CPA using an appropriate bridge matrix.
In the simulation of EURO 2012 scenarios, aggregate consumption in a given period is a fixed proportion, CS, of household disposable income, INC, i.e.:
Government consumption, G, is exogenous in the model, as is the change in inventories. Foreign demand, E, is inversely related to the ratio of domestic to world prices:
The term W represents possible shifts in foreign demand that are not related to price changes. With respect to foreign trade, we use two alternative closures in our simulations.
We assume that productivity induced capacity changes of the domestic economy are absorbed by foreign demand without the requirement of offering noticeably lower prices (the output expansion being not only of the quantitative nature in this case). This assumption is consistent with the fact that in recent years the Polish economy recorded a sizeable growth and export expansion, while the terms of trade did not deteriorate.
Technically such a closure is facilitated by fixing the real exchange rate and endogenising the W terms in equation (11). We take a different approach to modelling the effects of increased tourist demand (which was performed in a separate simulation). In this case it is likely that additional expenditure of foreign tourists would tend to cause real appreciation of the domestic currency, which stimulates imports and causes some export contraction. Under this closure, the position of the foreign demand curve is fixed (W terms are exogenised), while the real exchange rate is allowed to adjust. The remaining element of final demand is investment -which is discussed further. The model also mimics the formation of household income, as well as general government revenues. The starting points in determining household income are labour and capital income, which are further modified by various redistribution transfers, being mostly endogenous (e.g., PIT payment or social benefits). Similarly, corporations' incomes are linked to capital income 'collected' in industries. Tax revenues of general government, TAXES, are modelled as follows: 
Public and foreign investment are exogenous and thus subject to scenario assumptions, while private domestic investment is determined in the model, such that it maximises the net present value of an industry. Model-consistent expectations are employed, meaning that the expectations formulated in period t, concerning capital rentals and investment costs in period t + n, equal actual model solution for period t + n. Formally investment equations are a solution to the problem of maximising (see Dixon and Parmenter, 1996) :
by choosing appropriate IPR j,t+1 values, subject to the constraint representing the capital accumulation formula:
where DEP is a capital depreciation rate. In equation (14), R is interest rate, ADJ represents investment cost-of-adjustment terms which prevents unrealistically large responses to the rate of return changes; TV is a terminal value of a unit of capital at the end (T) of the industry's planning period (see Dixon and Parmenter, 1996 , for details concerning the two latter items). TV is calibrated in such a way that it assures assumed steady state growth rate of capital at the end of the planning period. Equation (15) implies that capital is industry-specific, so it cannot flow between industries. It must be noted that a part of public investment, namely that referring to road investment, is excluded from investment in equation (15), so there is no increase in capital stock related to roads. Instead, these investments are assumed to impact on total factor productivity, as explained in the following section. Note that INV j are investments by industries -they are translated into demand for specific investment goods, I i , with the use of an appropriate bridge matrix. As a third inter-temporal mechanism, the model calculates changes to public debt, by cumulating annual deficits of general government. In these calculations the debt service costs are taken into account, based on an average interest rate on debt. Finally, macroeconomic variables such as GDP, are determined as aggregates of industry/commodity-level variables. The model therefore employs a bottom-up approach.
The model was implemented in general equilibrium modelling package (GEMPACK; Harrison and Pearson, 1996) . The deployed technique involved simultaneous solution for all the examined periods (Malakellis, 2000) . The model's intra-temporal equations were calibrated to an estimated supply and use table for 2007, and national accounts data by institutional sectors for that year. The baseline (benchmark) solution was generated under assumptions concerning the rate of technical change, inflation, labour supply, etc. These assumptions were consistent with the economic trends in Poland over the previous years.
Assumptions and scenarios
Basic assumptions
The factors affecting the Polish economy, associated with the organisation of the EURO 2012, taken into account in our simulations include:
• higher inbound tourism revenues
• acceleration of infrastructure investments (transport, sports and team base camps) 5 • the increased TFP level resulting from the upgrading of transport infrastructure
• the earlier inflow of FDI, induced by improved transport infrastructure
• direct expenditures from the UEFA operational budget.
The effects of organising the UEFA EURO 2012™ have been analysed under three different scenarios: basic, optimistic and pessimistic. Such an approach reflects uncertainty about the economic effects of the tournament. It is worth mentioning that each simulation scenario is either consistently pessimistic, or consistently optimistic or consistently intermediate (the basic scenario). In other words, the optimistic scenario is based on optimistic assumptions regarding all the analysed economic impulses linked with the planning of the EURO 2012. No 'mixed' scenarios, with built-in both pessimistic and optimistic or intermediate assumptions, are considered. In practical terms, however, simulation results for the 'mixed' scenarios should lie between the effects marked out for the consistently pessimistic scenario and the consistently optimistic one. Hence, the analysis embraces the whole spectrum of possible outcomes in accordance with the adopted assumptions.
It should be noted that -seen from the perspective of the whole period examined -the net change in the level of infrastructure investment equals zero. This result is consistent with the assumption that the investments in question would have been carried out regardless of the EURO 2012, but at a later date. Similarly, TFP rises only temporarily compared to the path projected in the benchmark scenario. Only the shock produced by the increase in the number of foreign tourists exhibits -within the time horizon considered -a permanent nature.
In this study, the term 'benchmark scenario' refers to a simulation variant representing a hypothetical development path of the Polish economy between 2008 and 2020 provided the EURO 2012 was not held in Poland. This scenario makes an implicit assumption that the transport infrastructure investments would be undertaken, and stadium and team base camps built anyway, although with a significant time-lag compared to the case of the planning of the tournament. In order to assess the full economic effects of the event we compare the benchmark scenario with three other alternatives -i.e., the basic, optimistic and pessimistic scenarios. They shall be subsequently called 'EURO 2012 scenarios'. Each of the three scenarios reflects a varying composition of shocks associated with preparations and organisation of the event. They differ with respect to time distribution of inbound tourism revenues, the level of investment outlays, and FDI inflow. They are discussed in greater detail later in this section.
Inbound tourism expenditure
The tourism scenario is based on our projections of additional inbound tourism revenues between 2012 and 2020. As stated earlier, we divided the period covered by our analysis into two sub-periods -corresponding to the time distribution of the direct effects (year 2012) and indirect effects (2013-2020) of the EURO 2012 respectively. Our forecasts of additional inbound tourism revenues due to the extra inflow of foreign tourist during the three weeks of the tournament in June 2012 were based on pertinent assumptions on stadium capacity utilisation, ticket distributions, length of stay and expenditures of foreign fans as well as macroeconomic variables (exchange rates, inflation, and global economic growth). These assumptions were based on econometric estimations, expert consultations and the relevant experience of former hosts of the EFC, especially Austria, Switzerland and Portugal.
The indirect effects of the EURO 2012 for inbound tourism revenues in Poland will be mainly due to the so-called 'Barcelona effect' 6 , i.e., the increase in foreign tourist arrivals brought about by the improvement in the perceived attractiveness of mass-event-host. It has been assumed that the successful organisation of the tournament, improved transport infrastructure, and new accommodation facilities will translate into the growth of Poland's tourist attractiveness, measured by the NBI SM tourism index 7 . Under the basic scenario, the latter will rise to the highest level among the countries of the CEE region (up from 59.1 in 2008 to 59.9 in 2012), while under the pessimistic scenario it will match the level of the Czech Republic (up to 59.2) and under the optimistic scenario it will improve to 60.1. In the next step we have estimated random-effects panel regressions for 37 countries in the years 2003-2007 with a view to capture the impact of an increase in the perceived tourist attractiveness of a country on the arrivals of foreign tourists coming for leisure purposes. The parameters of the best-fitted panel model suggest that a one point increase in the NBI SM tourism index of a given country contributes to an additional inflow of 611 thousand foreign tourists in this category annually.
A detailed breakdown of projected additional inbound tourism revenues from 2012-2020 corresponding to particular scenarios is presented in Table 1 . In the basic scenario, the total inbound tourism revenues should rise, thanks to EURO 2012, by PLN 5.0 billion 8 (in constant 2008 prices), with the highest annual increase occurring in 2012 as a result of the inflow of foreign tourists and fans to the cities hosting the event. Under the pessimistic scenario, additional inbound tourism revenues, between 2012 and 2020, will amount to PLN 1.1 billion, i.e., 22.2% of the revenues projected in the basic variant. Under the optimistic scenario, the additional inbound tourism revenues, between 2012 and 2020, will total PLN 6.0 billion, which is 121.1% of the value forecasted in the basic variant. The latter scenario projects the same number of foreign fans visiting Poland in June 2012 as the basic one.
Infrastructure investment
The assumptions concerning investment are based on the timetable drawn up by PL.2012 Ltd and on predicted costs of the infrastructural and organisational projects connected with the preparations for the EURO 2012 (Masterplan). A significant impact on the final shape of the scenarios is produced by the opinions of independent experts and national coordinators (PL. Figure 2 shows the composition of this amount. It can be seen from the figure that investments in transport infrastructure produce the largest impact on the Polish economy -the pertinent share amounts to 86%, and 58% in case of road transport. The outlays related to the EURO 2012 have been qualified as investments in the relevant economic sectors, broken down into: transport, sports and recreation and hotels and restaurants. Table 2 provides the aggregate data for the three scenarios. The table also contains relevant data for two other scenarios derived through the modification of the basic scenario. The optimistic scenario assumes that all Masterplan Projects are implemented. Under the pessimistic scenario, the total outlays in transport, hotels, and restaurants will be 30% lower compared to the level projected in the basic scenario, while sports and recreation investments will be fully implemented (due to their strong link to the EURO 2012). The three EURO 2012 scenarios assume that funds will be spent earlier than in the benchmark scenario. The acceleration in spending concerns mainly investments in transport infrastructure that were expected to be carried out with the EU co-financing, between 2008 and 2015 (see Figure 3) . Even though the construction of motorways and expressways is not a necessary condition for hosting the tournament, it is deemed by the experts (at least in regard to some communication routes) as a related investment category. Undoubtedly, the prospect of holding the EURO 2012 in Poland speeded up the legislative, organisational, and investment activities in the field of building motorways and expressways. Hence, the pace of investment is higher compared to the benchmark scenario in 2008-2012, and lower between 2013 and 2015. Similar assumptions have been adopted for other investments (stadiums and team base camps), the difference being that the benchmark scenario predicts they would be completed by 2020. In the case of both team base camps and hotels, there is no difference between the basic and the optimistic scenario, and in the case of stadiums, only the basic scenario was considered (see Figure 4 ).
TFP
Total factor productivity is an important determinant of the scale of economic effects stemming from the EURO 2012 organisation in Poland. The TFP growth is driven by various factors, including the quality of transport infrastructure. The influence of the road infrastructure on TFP in the Polish economy was estimated using an econometric approach. The resulting estimates supplemented by the Masterplan data on the completion of motorways and expressways (connected with the tournament organisation) were next used to calculate the TFP level in the benchmark scenario and in the EURO 2012 scenarios. The results of the calculations, used as inputs to the ensuing simulations, are presented in Figure 5 . The respective lines show percentage changes in the TFP level under the three EURO 2012 scenarios relative to the benchmark scenario. Thanks to the acceleration in the transport infrastructure investment, the achievable TFP level is realised sooner. This concerns only the 2010-2014 period, and starting from 2015 TFP returns to its benchmark path. The maximum deviation from the latter occurs in 2012 (nearly 0.45% for the optimistic scenario). 
FDI
As mentioned earlier, the development of infrastructure is one of the key factors affecting the inflow of FDI. The low quality of the Polish infrastructure (and in particular, transport infrastructure) ranks among the main barriers deterring the FDI inflow (Wyżnikiewicz, 2007) . The acceleration of investment outlays in transport triggered by organising the EURO 2012 should, therefore, encourage an increased FDI inflow to Poland. However, the extent to which foreign investors are attracted by improvements in the road network in Poland cannot be specified within the CGE model as it describes only the domestic economy. Therefore, we used the results provided by Bellak et al. (2009) who estimated the impact of transport infrastructure (measured by the density of transport network and the number of sea and river ports) on FDI flows to the Central and Eastern Europe (CEE) region. We used capital endowment in the transport sector as a proxy for the original infrastructure measure, and the elasticity (0.323) obtained by the authors referred to above, with a one year lag. In all three EURO 2012 scenarios the FDI are shifted in time compared to the benchmark scenario thanks to an accelerated pace of building expressways and motorways. The original FDI elasticity is applied to determine the path of FDI changes in the basic scenario. The optimistic and pessimistic variants are derived as a result of changing (raising and decreasing) the FDI elasticity by 1/3 of its original value. The impact of infrastructure investment on FDI is the strongest in 2013 (1.4% in the basic scenario compared to the benchmark). Between 2014 and 2017, the FDI time-lead effects will fade out, i.e., Poland will return to the path of investments and capital stock behaviour as projected under the benchmark scenario.
The effect of transport infrastructure on FDI until 2020 are shown in Figure 6 . 
Macroeconomic impact of the EURO 2012 in Poland
The supply-side effects are the best starting point for an explanation of our results. Figure 7 shows, in a stylised way, the idea behind the simulations presented in this paper. Infrastructure investment acceleration leads to a more rapid development of the economy's capacity in the EURO 2012 scenario (dashed-line), compared to the base (no tournament) scenario (solid line). The gain in GDP is proportional to the triangular area between the two lines (note that in the long-run the two paths of capacity changes converge). We assume that the increased capacity will be effectively absorbed by changes on the demand side, so that the GDP level temporarily rises (or, in other words, there is a cumulative increase in GDP).
Balancing of commodity markets after capacity changes is facilitated by price adjustments, which invoke substitution effects (e.g., changes in the structure of household demand and changes in the import intensity of demand). The model also shows how altered economic conditions cause labour reallocation among industries, driven by the cost minimising behaviour of producers. As a result we observe adjustments in practically all economic variables, making it rather difficult to track all the interdependencies.
According to the simulation results, the EURO 2012 preparations will result in accelerated economic growth between 2008 and 2012 (see Figure 8 ). In the subsequent years (2013) (2014) (2015) (2016) , the growth rate will be lower, compared to the benchmark scenario, and eventually it will get back to its long-run path. The maximum acceleration of GDP growth -under the basic scenario -amounts to almost 0.2 pp (0.25 pp in the optimistic variant, and just below 0.14 pp in the pessimistic one). The increased GDP growth rate translates into a temporary rise in its absolute level (see Figure 9 The cumulative effects of the EURO 2012 are presented in Table 3 . These are sums of annual increments in selected macroeconomic variables between 2008 and 2020. Seen from this angle, the benefits stemming from the organisation of the tournament, in terms of incremental GDP, add up to PLN 27.9 billion 9 (2009 constant prices) in the basic scenario. This is equivalent to 2.1% of the 2009 GDP level. Under the pessimistic variant, that effect totals 1.4%, while under the optimistic scenario it amounts to 2.7%. The incremental GDP is predominantly absorbed by additional household consumption (augmenting by PLN 12.8-26.7 billion) and exports (growing by PLN 14.2-28.8 billion). Changes in aggregate household consumption are proportional to changes in disposable income [equation (10)], which, in turn, roughly follow the GDP variation. The productivity induced export expansion does not deteriorate the terms of trade (see Section 3). Imports grow in par with exports, albeit a bit more slowly -by PLN 10. 3-22.6 billion (2009 prices) . This is the immediate result of the domestic demand increase [see equation (6) as an example]. The government consumption -in line with the simulation assumptions -does not deviate from the benchmark scenario. However, EURO 2012 gives also rise to higher, cumulative (real) tax revenues. Their incremental value, during the examined period, amounts to PLN 4.1-7.7 billion, depending on the scenario.
The simulation results show a slight cumulative growth in investment. Most of the investment deviations over the examined period cancel out, as the initial increase (or time-lead) of investment outlays in public infrastructure and stadiums is later offset by their decrease (the same pattern applies to FDI). The positive overall effect of gross fixed capital formation (PLN 2.7 billion in the basic scenario) results solely from the endogenous responses of private investment to altered economic conditions. According to equation (14), private investment is stimulated whenever there is an increase in the ratio of expected capital rentals to the cost of constructing new capital. Private investment responses varied between sectors and in time. In general, however, a (rather moderate) crowding out effect was observed -in the years of intensified public investment, private investment was lower compared to the no-event (benchmark) scenario, and vice versa. This is because increased public investment in the preparation period push up their cost, while there is an opposite effect when public investment are slowed down after the preparations are completed. The relatively small magnitude of cumulative private investment increase can be explained by the fact that the EURO-induced shocks we have modelled are only transitory, whereas investment decisions are based on the maximisation of long-term return. In other words, there is no (or very little -related to permanent boost of foreign tourists' expenditure) stimulus to permanently expand private capital stocks. Thus, explanation of the (modest) capital expansion is that overall, the productivity increase transiently makes creation of new capital less costly.
The organisation of the EURO 2012 is also projected to foster employment (Figure 10 ). In the peak year 2012, the expected additional employment, compared to the benchmark scenario, comes to 20-33 thousand full-time equivalent jobs, depending on the simulation variant (these estimates do not include the self employed). On average, the deviation from the benchmark scenario is equal to 8.2 thousand employees per year. In CGE model simulations often one of the two extreme alternatives concerning labour market closure is adopted -fixed aggregate labour supply (typically in long-run simulations) or perfectly elastic labour supply (typically in short-run simulations). The set-up of labour market behaviour may have a significant impact on the results (see Madden, 2006) . By implementing a simple labour supply mechanism, we take an intermediate position between the two mentioned alternatives, i.e., we allow aggregate employment to increase, but at the cost of higher wages. Although the simulation horizon is relatively long, this approach seems justified by the fact that the analysed shocks are mostly transitory. Further, the global financial crisis of 2008-2009 and the concomitant slack in the labour market suggest that responsiveness of employment to a positive shock should be relatively high. On the other hand, we avoid overoptimistic estimates of the EURO 2012 impact, likely to arise under the assumption of perfectly elastic labour supply.
Impact per sources
Out of all impact channels being scrutinised in the study, this is the acceleration of transport infrastructure development that turns out to be the most important source of the EURO-related effects in the Polish economy. As can be seen in Figure 11 , 77.5% of total incremental GDP growth in 2008-2020 may be attributed to this source. It may be claimed that the pertinent share is even higher (by 7.8 pp) if we add the FDI effects which are actually also driven by a more dynamic development of transport infrastructure. The construction of stadiums and team base camps ahead of time contributes 6.4% of the incremental GDP growth while the foreign tourist expenditure -7.3% of the total. Finally, the UEFA budget expenditures explain 1% of the cumulative GDP increase. The gains from the development of transport infrastructure may be interpreted as a supply-side effect, having two components. The first component is a temporary additional TFP growth [imposed by exogenous shocks to TFP in equation (3)], compared to the benchmark scenario, due to the acceleration in building expressways and motorways. The second component consists of the rise of fixed capital stock (between 2009 and 2015) as a consequence of the advanced completion of investment projects in airport, railway and urban transport infrastructure [this is facilitated by exogenous shocks to public investment in the transport sector -see equation (13)]. The culmination of the GDP incremental growth in 2012 implies that in this particular year the economic potential (capital stock and TFP) displays the largest positive deviation from its hypothetical level under the benchmark scenario. The demand shocks -that also happen to be the strongest in 2012 -compound to a certain extent this effect but without playing a major role.
The modelling of the FDI impact on the Polish economy was based on exogenous increments in the fixed capital formation in respective industries alone (the specific industry composition of FDI inflows in Poland was taken into account), which induced larger capital stocks. On the other hand, the simulation does not assume any extra productivity gains, often attributed to FDI. Hence, the projected FDI effects should be deemed conservative and being at the lower bound of possible benefits.
Forcing the pace of building stadiums and team base camps constitutes -similar to the pattern revealed in transport infrastructure -a positive supply shock. The capacity achieved ahead of time, compared to the benchmark scenario, generates an additional flow of services, thus triggering accelerated GDP growth. The assumptions on expected revenues and profitability of investment projects in sport-related infrastructure, as well as the impact of these projects on the remaining parts of the pertinent sectors (hotels in case of the team base camps and recreation and sports industry in case of the stadiums) were based on expert opinions in relevant fields. With a view to making the simulation results consistent with expert forecasts, it was necessary to assume certain exogenous changes in the structure of household consumption (taste shifts) and exports [by appropriate adjustment of parameters of equations (9) and (11)]. The UEFA budget effect should be interpreted in terms of a one-off demand shock. All the above-mentioned factors contribute to a cumulative GDP increment during the whole analysed period amounting to approx. PLN 1.6-1.9 billion, in 2009 prices.
The increased inbound tourism revenues translate into a cumulative GDP rise between 2012 and 2020, in the amount of PLN 1.9 billion (2009 constant prices) -according to the basic scenario. In the optimistic scenario, this effect totals PLN 2.3 billion, while in the pessimistic one, it slightly exceeds PLN 0.4 billion. This implies that the cumulative GDP growth due to the increase in foreign tourist arrivals is roughly half the size of additional inbound tourism revenues. This result may be explained by the existing supply constraints and substitution effects -the increased tourists' expenditures may create more jobs in tourist services sector, partly at the expense of employment in other industries. Moreover, the new tourist demand indirectly boosts imports, as it causes a slight appreciation of the domestic currency (real exchange rate is allowed to adjust in this case), and by the same token constrains growth of the domestic output.
The economic shock generated by the organisation of the EURO 2012 exerts a differentiated influence on individual sectors of the Polish economy. Due to the very nature of the shock, which stems mainly from the advanced timing of investment outlays, the largest changes occur in the construction industry (see Figure 12) . The projected construction output augments between 2008 and 2012 in comparison with the benchmark scenario. The most sizeable increase -ranging from 2.2% up to 4.4% -takes place in 2010-2011, depending on the simulation scenario. In the 2013-2015 period, the output involved decreases by 1.5%-2.8% as a result of a slow down in infrastructure investment. It is worth noting that the negative deviations from the benchmark scenario would be even deeper, were it not for some induced growth of private investment subsequent to the preparations for the EURO 2012. 
Comparison of simulation results with those for other countries
The direct reference for our findings regarding the projected impact of the organisation of the EURO 2012 on the Polish economy are the estimated effects of two previous EFC, organised in Austria and Switzerland (2008), and in Portugal (2004) . In order to ensure comparability of the results for Poland, the economic effects of the EFC held in other countries have been transformed in such a way that the cumulative GDP growth figures (in constant prices) are expressed as percentages of the annual GDP level three years before the event. Sticking to this format of data presentation, in a study on the EFC in Portugal (Martins et al., 2004) , the real GDP gains were estimated at 0.56%. According to the same estimates, employment augmented by approx. 39.4 thousand 'man-years' (measured as full-time equivalent jobs). In turn, the approximate EFC 2008 impact on the Swiss economy , in terms of incremental GDP, amounted to 0.06%-0.07%, depending on the simulation variant. Simultaneously, the Championship generated 3.2-3.8 thousand new jobs. The authors argued, however, that only a part of the job-creation effect will materialise as actual new jobs, the remaining part being a derivative of employment inflows from other activities. In Austria, the estimated cumulative GDP increase came to 0.25%, while the incremental employment was 11.8 thousand full-time equivalent annual jobs (Helmenstein and Kleissner, 2008) . The key economic effects of the EFC in the countries involved are shown in Table 4 . As for Switzerland, only the outcomes reported in the optimistic scenario were taken into consideration. Notes: 1 Cumulative GDP increase, in constant prices, compared to the annual GDP level three years prior to the EFC. For Portugal, Austria and Switzerland, the entries represent increase in value added. Due to about the same dynamics of both variables, the rise in value added may be identified with the GDP increases. 2 In the case of Switzerland the result is a rough approximation (job duration was not reported); the effect is the number of full-time jobs generated by the EFC, which does not translate into a change in aggregate employment. As for Poland, the result refers only to people employed under the legal labour contracts (i.e., they exclude the self-employed). 3 Medium-term period = a few years. The authors do not specify the time span within which the economic effects of EFC materialise. Source: Authors' calculations Against this background, the projected economic effects of the EURO 2012 for the Polish economy are relatively large. However, the preparations to this sporting event in Poland constitute a much larger-scale undertaking than in the countries hosting the EFC in the past, which is mainly due to the pervasive shortages in transport and stadium infrastructure, and the generally lower level of economic development. In Switzerland, the only EFC-related investment outlay was the extension of the stadium in Basel (CHF 23 million). A similar pattern held in Austria where all pertinent investments (EUR 72.4 million) were confined to stadium infrastructure only. In turn in Portugal, the total investment outlays, spread over three years, amounted to less than EUR 1 billion. Most of them were earmarked for building the stadiums, while some funds were also spent on access road construction. These amounts are considerably lower than the scale of the EFC-related investments in Poland, even if one allows solely for the amounts 'shifted' from the future rather than their total magnitude. In Poland, most of the EFC-related investments are earmarked for those areas of infrastructure that are decisive for the economy's efficiency, such as the network of motorways and expressways covering a large part of the country. Hence, the main economic benefits derived from the organisation of the EURO 2012 are due to the advanced timing (or time-lead) of investment and earlier arrival at higher economic potential (capacity), which in turn translates into higher GDP and consumption levels. In contrast, the nature and scale of investments in other host countries did not entail any significant gains in terms of higher capacity. This is why this channel of EFC impact on the economy was neglected in the abovementioned studies, whose authors focused instead on demand shocks. Bearing in mind their nature, the economic impulses related to the organisation of the EURO 2012 in Poland are also more persistent (extending over a longer period) than in the case of the reference countries.
Unlike in this study, the reports on economic outcomes of the EFC in Portugal, Austria, and Switzerland pay no heed to the discussion of the 'Barcelona effect'. Still, it is quite justifiable as tourism in these countries is well established and their tourist attractiveness was relatively high already before the event.
The evaluation method applied in our study (based on the CGE model) differs from the approach adopted in the reports referred to earlier (input-output methods). The estimates of economic benefits stemming from mega sporting events, based on the CGE models, are believed to be more conservative than those embedded in a typical input-output framework.
Conclusions
The purpose of this paper was to assess the impact of the organisation of the EURO 2012 on the Polish economy during the 2008-2020 time period. The tool used for the simulation of the EURO 2012-induced effects was the dynamic CGE model describing the economy in a 41-industry breakdown.
The main source of the EURO-induced economic effects is the time-lead of investments in transport infrastructure (roads, railways, urban transportation, airports), as well as in stadiums, and team base camps. The analogous acceleration scenario applies to FDI, whose increased, earlier inflow is encouraged thanks to improved transport infrastructure. Still another EURO-related economic impulse comes from the increased number of foreign tourists arriving to Poland in 2012 and in the subsequent years. The estimated UEFA operational budget expenditures give birth to a separate demand shock in 2012.
As a direct consequence of the advanced timing of investments, the Polish economy is expected to attain its higher potential sooner, modelled mostly as a rise in TFP. This effect is conducive to a projected additional 1.4%-2.7% GDP increase, compared to its 2009 level. The total cumulative GDP increase is spread unevenly over the period of 2008-2020 with the peak occurring in 2012. The maximum increment in employment takes place in 2012, amounting to 20-33 thousand full-time annual jobs. The average annual employment increase totals 8.2 thousand persons (including paid employees only).
The most important single source of EURO 2012-induced economic gains in Poland is the acceleration of transport infrastructure investments, which contributes 77.5% to the cumulative GDP increase (basic scenario). The other major sources include the advanced timing in FDI inflow, increased tourist consumption, and utilisation of stadiums and team base camps.
The benefits that accrue from hosting the UEFA EURO 2012™ in Poland, scrutinised herein, are by far more sizeable than those experienced in the reference host countries. While the estimated, cumulative GDP increase in Poland amounts to 2.1% of its 2009 level, the pertinent figure for Portugal (EFC 2004) was 0.56%, and those for Austria and Switzerland (EFC 2008) -0.28% and 0.06%-0.07%, respectively. In contrast to the patterns established in the other host countries, the most significant economic gains from the organisation of the EURO 2012 in Poland are derived from the supply-side, and in particular -from positive supply shocks driven by the advanced timing of investments in transport infrastructure. Moreover, the impact of expanded economic potential extends over a longer period than the effects generated by the demand shocks examined in the reference countries.
